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Summary
The variability of organ weight data in a series of 5 control groups of Sprague-Dawley rats was studied. Differences in body weight and organ weight data were detected between the studies. Attempts to reduce the variability of organ weights by using analysis of covariance or organ to brain weight ratios were only partially successful. Factors which may influence animals under controlled conditions and result in variability between studies are discussed. It is concluded that caution is needed when considering the use of organ weight background data as a means of comparison. The findings are in agreement with other fields of study in toxicological testing, and emphasize the importance of using a concurrent control for the purpose of comparison of data.
Keywords: Rat; Organ weight; Body weight; Statistics; Background data
The evaluation of preclinical toxicity studies is sometimes assisted by analysing data obtained from previous bioassay experiments from matched control groups. The matching of rodent studies is dependent on strain of animal, age, sex, environmental and experimental conditions. Knowledge obtained from previous experiments about the distribution of organ weights from control animals can provide information about the usefulness of this type of data. The use of historical control data for pathology and clinical pathology has been discussed in a number of publications (Tarone et 01., 1981; Weil, 1982; Haseman et 01., 1989; Waner, 1990; Waner et 01., Correspondence to: Dr Trevor Waner. Received 28 October 1991; accepted 26 June 1992 accepted 26 June 1991 . The variability in the organ weights of rats from 5 subchronic toxicity studies is the subject of this communication.
Materials and methods

Animals
Organ weight data were collected from 5 control groups of subchronic toxicity studies performed at this laboratory (LSRI). The selection of these studies was based on the following criteria: provided ad libitum in 2 plastic bottles. The water was tested twice a year for quality, bacterial content, heavy metals, and pesticides. 7 All rats were humanely killed in the same manner by carbon dioxide inhalation, and necropsied according to a standard operating procedure. Necropsies were performed immediately. Rats were not starved overnight prior to necropsy.
The body weight of each rat was recorded on arrival, at the beginning of the experiments, at each week of the study, and before the commencement of the necropsy. In Table I the age of the rats on arrival, their range of body weight, mean weights of each batch of rats at the beginning of the experiments and their body weights prior to necropsy are presented .
. The organs weighed and analysed for the studies were: adrenals, brain, heart, kidneys, liver, gonads (testes or ovaries), pituitary, spleen and thyroids. In the case of the pituitary, comparisons were only made between 4 studies, because in one study (study 5) the organ was not weighed.
Statistical analyses
All statistical tests were carried out using the SAS software package (SAS, Cary, NC, USA). The 5 control groups were compared for their body weights, organ weights and organ to brain weight ratios. The variances of the data were analysed using the Bartlett's test for homogeneity of variances. Those sets of data which proved homogeneous were further analysed using the analysis of variance (ANOYA). Data sets that had heterogeneous variances (males: liver, brain; females: heart), were subjected to the ANOYA after ranking of their data. Analysis for male and female rats was carried out separately.
As differences in body weight were detected among the studies for both males and females, an analysis of covariance was performed on the data in order to attempt to reduce the effect of body weight from all the studies (Sokal & Rohlf, 1981) .
Results
Statistically significant differences between the body weights of the 5 control groups at necropsy were found for both the male (P<O'OOI) and female (P<O'OOI) studies (Table 1 ). The absolute organ weight data are presented in Tables 2 and  3 . Significant differences between the groups were detected for 6 of the 9 organs examined for males (Le. brain, heart, kidneys, liver, spleen and testes) and 6 of the 9 organs examined for the females (i.e. brain, heart, kidneys, liver, ovaries, and spleen).
Tables 4 and 5 contain the organ weight data after the application of the analysis of covariance. Differences between the studies were detected, but only for 3 organs of each sex. For the males: heart, liver and testes; and for the females:
brain, ovaries and spleen.
The ratios of organ weights to brain weight are presented in Tables 6 and 7. Significant differences between the control groups were detected for heart, liver, and spleen for the males; and kidneys, liver, ovaries and spleen for females.
Discussion
Weighing of organs of treated animals may reveal specific organ changes related to the treatment (Stevens & Gallo, 1989 ). The establishment of organ weight reference values at each testing facility for laboratory animals used in toxicological studies has become a standard practice. Once organized, these background data values may be used, in addition to the concomitant control group, as base-line values to compare study results. This practice is also applied to anatomical and clinical pathological data derived in toxicological studies.
In this paper we investigated the variability of historical control organ weight data in a Sprague-Dawley stock of rats. At the outset of the analysis of the results it was apparent that the body weights of the 5 control groups studied were different from each other, for both sexes (P<O·OOI), this was despite the fact that the rats were held under similar experimental conditions and were of similar age at the completion of the study. Inspection of all the information relating to the body weight data from arrival until necropsy did not reveal any pattern, either among the males or females (Table 1) . Furthermore, although the rats arrived at a comparable weight range at LSRI, statistical analysis of the body weight data at the start of treatment revealed statistically significant differences (P<O·OOI).
The differences in body weight were considered a potential source of bias in the analysis of the organ weight data. As we were not interested in the effect of the body weight (covariate) on the organ weights, we adjusted the measurement of the variate (organ weights) by applying the analysis of covariance (Weil & Gad, 1980; Gad & Weil, 1989) .
In the absolute organ weight data, the majority of organ weights were significantly different among the groups for both sexes, whereas only 3 organ weights were significantly different, for the data after analysis of covariance. As a further analysis, organ weights relative to brain weight were calculated. The brain was used as it is one of the organs measured with low variability and is not considered to be influenced by nutritional factors (Stevens & Gallo, 1989) . This transformation was only pa~tially successful in reducing the variability among the organ weights.
The organs which showed consistent variability for both sexes were brain, heart, kidneys, liver, spleen and gonads. Of special interest was the fact that there were statistical differences among the male and female groups for absolute brain weights, as this organ is considered to be the least variable. This finding should be considered when deriving organ-brain weight ratios as differences between groups for their brain weight could significantly reduce the efficacy of this method.
From these results of the absolute organ weights, it appears that due to the great variability among individual studies, the use of background data derived from a number of matched control groups is of limited value. Use of the analysis of covariance and the organ to brain ratio reduced this variability. However, some organs still showed significant differences among the studies for both sexes.
It appears that organ weight data is not different in this respect from other biological measurements from rats in toxicological studies. Similar conclusions about the use of reference data have been drawn by both anatomical and clinical pathologists. Tarone et a/. (1981) caution the use of control tumour rate information in the evaluation of carcinogenesis bioassays and note that inferences drawn after comparisons with historical control rates are somewhat limited. They stress that the most appropriate and important comparison of a treated group, is with its matched control. Haseman et a/. (1989) drew similar conclusions after analysing carcinogenicity data from the National Toxicology Program and other sources. They pointed out that the effects of certain factors influencing tumour prevalence may be magnified when variability from study to study is considered, and thus it may be difficult to formulate a biologically meaningful statistical analysis that uses historical control data in a formal testing framework.
The use of background clinical pathological data has also been studied (Weil, 1982; Waner, 1990; Waner et 0/.,1991) . Due to the variations between studies, the collection and pooling of 'normal' data from a number of studies causes the distribution of the parameters to spread widely and, therefore, their use as part of the formal comparison is not recommended.
The examples seen above in pathology and clinical pathology deal with independent data, unlike organ weights which are partly dependent on the body weight of the rat, and yet even in 71 these types of data inter-batch differences have been documented. A number of factors may influence animals under controlled conditions and result in variability between studies (Haseman et 0/., 1989) . The role of the various potential influences have not been adequately defined and studied but may include environmental factors pertaining to different rooms in the same facility, feed batch differences, seasonal variations, technicians, and batch of rats. Although the rats acquired through a reliable vendor may be of the same species and stock, the particular batch of rats sampled may be composed of only a few litters, and may not be representative of the population of rats held by that vendor. This hypothesis is based on the method by which rats are housed at a breeder's facilities and on the method of shipment. Certainly in dogs where the parent list is provided with each batch of dogs, there is evidence that in a batch of 40 dogs, one may receive progeny from five to six families only (Waner, unpublished observation) .
In conclusion, the results of this study show that there is great variability in body weight and organ weights between studies, although these were carried out under similar conditions and using the same stock strain of rat. The inter-study body weight differences were reflected in the differences in organ weights. When considering organ weight data, where differences in body weight are present, this must be taken into account using an appropriate analysis. However, in this study, even after the application of analysis of covariance or calculation of the brainorgan weight ratios, nO solution to these major differences could be found. Therefore, care should be taken when considering the use of background data for comparisons. These findings emphasize the importance of using a concurrent control for the purpose of comparing data. Similar conclusions have been drawn for the use of pathology and clinical pathology background data.
